The experimental contributions to the conference are summarized
Introduction
It is not possible to present a comprehensive review of the wealth of new and interesting results that have been presented at this conference. Instead I hope to provide a snapshot of some of the presentations and give just an impression of the variety. Such a review necessarily entails some personal bias and apologize both for that and the inevitable errors and misrepresentations that will creep in. I strongly urge the reader to refer to the original talks and references therein for the detail and accuracy.
Since its inception, this conference has seen a big expansion beyond its original remit. We no longer insist that incident photons come in pairs for example! This was no bad thing and a reflection of the changing experimental scene. Nevertheless, two-photon physics is alive, well and to be found in some exotic locations and the dual role of the photon both as an object whose own structure is important to our understanding of hadronic interactions and as a probe of nucleon structure remains the central theme of this week's presentations.
Diffractive processes
For some time now there has been a puzzle associated with our understanding of diffractive processes in the context of QCD and observations made at HERA and the Tevatron. It is important that we get this right not least because of the close association between diffraction and remnant-remnant interactions which it is anticipated will influence the data volume at the LHC. The state of our understanding was summarised very well in the talk by Laurent Schoeffel [2] . There is evidence that the long-standing discrepancy between predictions for the diffractive cross-section at the Tevatron, based on measurements made at HERA evaporate when the right things are compared. Figure  1 shows the factor of ten discrepancy seen when diffractive PDFs determined at HERA are used to predict the Tevatron diffractive structure function F D jj determined from the ratio of single-diffractive to non-diffractive cross sections. If, on the other hand, the ratio of Double-pomeron exchange (i.e. events with a leading anti-proton and diffractive on the proton side) to single diffractive cross sections is used instead the result is as seen in Figure 2 . This is suggestive of a picture in which the suppression of diffractive cross sections is mostly the result of rapidity gap destruction by spectator parton interactions so that single and double-diffractive events are similarly suppressed. The neat interpretation runs into trouble however when diffractive deep inelastic scattering (DIS) and pho- toproduction data are compared at HERA. Here one would expect that photoproduction events with a substantial hadronic photon remnant (i.e. low x γ ) would also support spectator interactions and so be suppressed by gap destruction relative to DIS or high x γ photoproduction events. Such suppression would lead to a breakdown in the assumption of factorisation used to calculate diffractive cross sections by convoluting parton densities measured in inclusive processes with a appropriate hard parton-parton scattering cross-sections. In his talk, Sebastian Schaetzel [3] showed us that although the calculations succeed in predicting the cross sections for diffractive charm and dijet production in DIS, recently measured by H1 and ZEUS, in photoproduction the results are puzzling. Factorisation seems to continue to work for charm photoproduction. In dijet production, H1 and ZEUS both see the expected suppression in resolved processes but they also see it in direct (x γ → 1) processes! The suppression factors in the two cases (see Figure 3 ) are similar(∼ 0.5). This is not yet understood. The CDF cross section is now deduced from the ratio of two-gap to one gap events.
It would be interesting to include very low Q 2 data and try to spot the transition in behaviour as a function of Q 2 .
Multi-jets and Multiple Interactions
The problems of diffractive production are closely related to our understanding of multiple interactions. Albert Knutsson [4] showed HERA studies of multi-and mini-jet production in photoproduction and DIS. In photoproduction, the shapes of three and especially four jet mass spectra measured by ZEUS can only be satisfactorily described by the LO monte carlos if some model for multiple parton interactions is included (see Figure 4 ), but what happens in DIS where the resolved photon component is turning off? H1 looked at the mean numbers of minijets found in regions of Φ surrounding the leading jet ('Towards'), opposite to the leading jet ('Away')and in the sectors transverse to the leading jet direction. In the towards and away regions, the LO MC models are from H1. The amount of suppression is the same for direct and resolved processes able to describe these distributions reasonably well. In the transverse regions, for low Q 2 data where the resolved photon contribution is large, including multiple interactions does improve the description. However, in the same regions at higher Q 2 they fail to correct the deficit in the prediction ( Figure  5 .
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Photons in the final State
Studies of events containing photons in the final state are challenging and rewarding. They provides very direct tests of pQCD with sensitivity to gluon and quark densities in the beam particles and are relatively free from poorly known hadronisation corrections. Furthermore, in typical configurations the prompt photons are balanced in p T against hadronic jets and so are a useful experimental tool to understand and calibrate detector calorimetry. We saw results from HERA, the Tevatron, RHIC and anticipatory studies from the LHC. Gudrun Heinrich [5] gave a very clear overview in his talk so here I will just pick out a few points.
New HERA results shown by Eric Brownson [6] show that NLO predictions, particularly those from Lipatov and Zotov based on k T factorisation, do well in describing the photoproduction of jet+photon final states ( Figure 6 ). The LO predictions can only account for about 50% of the cross-section. A similar shortfall is seen in the DIS data. H1 have shown that by making an exclusive photon + "no jet" selection, the contribution from events where the photon is radiated from the quark line rather than the electron is enhanced. Experimentally, the trickiest aspect remains the unambiguous identification of the prompt photons and great care has been taken to optimize the selection. Likelihoods built from a host of shower shape variables are used to discriminate genuine photons from π 0 's and other fake candidates.
Nikolay Skachkov [7] reported on inclusive and prompt photon + jet measurements made by D0 at the tevatron. The photon+jets cross section was measured triple differentially at high precision covering 5 orders of magnitude in p γ T . Again, the efficient separation of genuine isolated photons from hadronic fakes represents a significant experimental achievement. The measured cross sections are qualitatively described by NLO QCD calculations from the JETPHOX program but detailed examination shows deviations especially in configurations where the jet is in the forward region 7.
The importance of prompt photons in heavy ion collisions lies in their ability to escape the quark-gluon plasma relatively unscathed and thus provide a baseline for the study of hadronic effects. At RHIC, in addition to the usual experimental challenge of identifying photons, the production mechanism is much more complex. Henner Buesching [8] gave a beautiful account of how the PHENIX collaboration is learning how to distinguish the direct photons of interest from the many other types produced in the events. An example of one result clearly showing the nuclear modification factor at work in π 0 and η production is shown in Figure 8 .
The LHC will deliver single and diphoton final states in profusion. Valeria Perez Reale [9] presented an overview of the ATLAS ex- to 0.1. In the diphoton channel, attention will of course be focussed on the Higgs discovery potential through H → γγ but at the very high mass end, the diphoton mass spectrum may also reveal hints of extra dimensions through the production and decay of Kaluza-Klein gravitons, G → γγ. Again the experimental challenge lies in how to trigger on and identify photons in an environment flooded with high p T hadronic jets.
γγ physics -traditional and otherwise
Two-photon physics is, I'm pleased to see, alive and well not only in its traditional place in e + e − machines but also at more exotic locations. As an example of classical twophoton physivs we saw a fine analysis of the f 0 (980) meson from BELLE. I can't resist showing one mass plot in Figure 9 shown by Sadahuru Uehara [10] . The statistics are huge. Note that the smooth sequence of points which looks like a model prediction is actually the BELLE data. Annoyingly, Figure 7 : Ratio of prompt photon+jet crosssection with both jet and photon in central pseudorapidity region to that where the jet is in the forward region. The preliminary D0 data are compared to NLO JETPHOX calculations.
in spite of the beautiful data, the measured γγ width which might have distinguished between the possible meson types has an inconclusive value! Alex Finch [11] reported on a new measurement of the open b production cross section from ALEPH. This analysis used a lifetime tagging method and iterative discriminant analysis to produce the result:
Unlike earlier measurements based on muons, this value is consistent with the NLO predictions.
e + e − machines are not the only source of photon-photon collisions however. Socalled ultra-peripheral collisions at hadron and heavy ion colliders do the same job and with the very intense electromagnetic fields with heavy ions and the very high energies available at the Tevatron and soon at the LHC new kinematic regimes are opening up. In these large impact parameter collisions, the ions 'miss' one another and the interaction is purely electromagnetic. Multiple photon exchanges extending to unprecedented energies can occur. We saw results from STAR and PHENIX at RHIC, CDF at the Tevatron and heard about plans for CMS, ALICE and ATLAS at LHC. This is a burgeoning field. For the many beautiful results on photoproduction in general emerging from the RHIC experiments I refer you to the individual talks [12] . Here I give a twophoton physics example from Janet Segar's [13] talk on the STAR results chosen, I confess, for the neat animation which is (I think) sadly beyond the current technology of proceedings written in TeX! Nevertheless, I find it impressive that two massive gold nuclei can whip past each other and leave a tiny wisp of an e + e − pair in the detector( Figure  10 ). QED describes it all. Vladimir Pozdnyakov [14] showed how even a few days running with Pb-Pb collisions at the LHC could yield enough two-photon lepton-pair, dijet and charm events to make a significant study of photon structure. Figure 11 for example shows the dijet P T spectrum from just one week's running. 
More Charm and Beauty
This year saw first observations of some heavy b-baryons from the Tevatron experiments. Igor Gorelev [15] reported on the first observations of Σ b and Σ * b in CDF (see Figure 12) . The huge production cross sections at the proton collider are offset by the complex final states and the extraction of these signals was an experimental tour-de-force.
John Loizides [16] described HERA measurements of heavy flavour photoproduction. The beauty production cross section results are shown in Figure 13 . Note that the H1 and ZEUS measurements are in agreement and that the NLO QCD predictions are just about consistent. The experimental errors on the newer results are small compared with the theoretical uncertainties. The largest of these is the systematic error associated with choice of renormalisation and factorisation scales. The 'standard' method to evaluate these has become to choose a 'natural' scale variable, i.e. one expected to minimise the occurrence of large logs, to set renormalisa- Figure 10 : Ultra-peripheral collision between Gold nuclei in the STAR detector at RHIC. tion and factorisation scales to be the same and then to vary the scale up and down by factors of 2 and 1 2 to produce an error band. The procedure is acknowledged to be arbitrary and may not be the best. In his talk on heavy flavour production, Achim Geiser [17] advocated a re-examination of this procedure based on some old principles. The idea should be to not only estimate the uncertainty arising from missing higher order corrections but also make a better choice of 'central' value for the scale choice. The scale could be chosen to equalise the LO and NLO predictions in the hope that this NLO stability will also minimise the NNLO-NLO differences or to invoke the principle of minimal sensitivity by locating the point where dσ dµ = 0. Now that higher order, NNLO or even NNNLO calculations are available it is possible to evaluate these procedures. Achim looked at NLO and NLO+NLL stability criteria in several processes (a solution for µ does not always exist) and looked at the resulting distributions of the optimised scales (see Figure 14) . Note that although the variation by a factor of 2 looks reasonable, the central values tend to be about half the natural scale whatever the applied principle. Halving the scale choice for the HERA b cross-section does indeed result in a better agreement with the data. Perhaps this should become the new default scale choice Figure 11 : γγ → dijet p T spectrum from just one week's running with Pb-Pb beams at the LHC.
for cases where dedicated studies have not yet or cannot be made.
Charm and beauty measurements from H1 and ZEUS have been used to extract charm and beauty structure functions of the proton. With larger datasets these are now becoming precision measurements. Some of these results were shown by Marc-Oliver Boenig [18] . The beauty measurements in particular are still subject to dominating statistical errors (Figure 15 ) but the story from HERA is far from over with factors of 5-10 times more data still to be analysed. The same is true for other 'flagship' HERA measurements which I turn to next.
Proton Structure
The proton structure function and PDF determinations now make use of many different data sources and as a result, have reached unprecedented precision together with welldefined uncertainties. In her talk, Emanuelle Perez [19] summarised the overall progress. Here I will just mention a couple of places where new data is beginning to have an im- pact and which were reported on separately at this conference. The HERA jet data has significantly reduced the uncertainty on the gluon PDF especially in the mid to high x region as can be seen in Figure 16 taken from the talk by Marcos Jiminez [20] . Alexander Kupco [21] and Mark Lancaster [22] showed how Tevatron jet data and W and Z production already have experimental errors comparable with the current pdf uncertainties. Tevatron anticipates a factor 10 more data to feed into these studies and as mentioned above HERA has still to analyse much of its data. The 2 − 3% precisions on F 2 now extends to the high y region. All this will be valuable input for the LHC experiments. The longitudinal structure function can be directly determined from a measurement of the cross section as a function of y at fixed x and Q 2 : σ r = F 2 +f (y)F L . In its last days HERA was successfully run with reduced proton Figure 13 : Compilation of beauty photoproduction cross section measurements from HERA compared with NLO QCD calculations.
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beam energy in order to make a such direct measurement of F L . As explained by Alexey Petrukhin [23] in his talk, the first results from this data are expected soon. Finally on this topic, there was a whole collection of new results from COMPASS presented by Christian Schill, Marcin Stolarski [24] and Davide Reggiani [25] . These included measurements of transverse spin asymmetries of the deuteron, all of which were found to be compatible with zero. Proton target data will soon be available which will allow them to convert these into transversivities. The infamous spin puzzle is still a puzzle. COM-PASS made ∆G/G measurements and found that small ∆Gdx G is favoured. The polarized valence quark distribution has been measured and found to favour a non-symmetric sea (see Figure 17 ).
Photon Structure
Apart from a nice measurement of the leptonic structure function from L3 presented by Klaus Dehmelt [26] there were no new direct measurements of photon structure. The LEP II result was a 'classic' measurement of the µµ final state in two-photon production in single tag mode using the L3 Very Small Angle Tagger. The data was described very well by the QED predictions and showed sensitivity to the small but finite target photon virtuality. This is not to say that hadronic photon structure, even of virtual photons had no role to play in the results shown here. Guenter Grindhammer [27] explored the the whole question of the interplay between virtual photon structure and NLO matrix element calculations in understanding various photon induced processes. HERA provided an excellent arena for such investigations because the transition between photoproduction (where photon structure is certainly needed to understand the measurements) and low Q 2 DIS (where NLO calculations of the collision process may be able to account for most of the observed cross section) could be studied. Generally speaking, the NLO predictions do well in DIS and where there is a second hard scale as in heavy quark production (see Figure 18 ). At low Q order direct, virtual photon structure and/or different dynamics (e.g k T factorisation) is needed to explain the data. Virtual photon structure goes a long way towards fixing up the low Q 2 pion cross sections for example ( Figure 19 ) but forward jet production seems to need more, possibly BFKL dynamics, to explain the data. Comparisons with NLO calculations including virtual photon structure as well as with a full NLO BFKL calculation should that become available will be needed to help clarify the matter.
Finally, to encroach a little into the theory talks, I can't resist drawing your attention to a calculation by Ken Sasaki [28] and collaborators of the virtual photon structure function F a certain symmetry for me -21 years ago I showed the first experimental measurement F 2 γ (Q 2 , P 2 ) here in Paris. I look forward to one day seeing this beautiful calculation of Ken's confronted with precision experimental data, maybe from a photon collider.
Conclusions
I hope that, in spite of its deficiencies, this summary has succeeded in conveying something of the variety and high quality of the material shown at this conference. Again, I urge the reader to spend some time looking at the individual presentations. They won't disappoint. Physics with the photon contin- ues to provide us with insights and mysteries and there is no doubt that the exciting new results which will emerge next few years will only see its central role re-confirmed.
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